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Earticle Reconstructi()%

-
Hits or Digits Clusters

Every registered particle Groups of neighbor hits.
interaction with the detector.
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Group of Trackable clusters

Group of Non-trackable clusters
Ideal for Muons,

Ideal for particle showers.
charged pions and protons.
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Neutral Pion ldentification

| Muon Track
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Best Two Blobs 4
From all Good Blobs, select the best two
candidates to be EM showers according
to the closest value of the invariant mass
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Angle Scan
Look over “unused” clusters that are
inside of a Cone “Volume” around to the
interaction vertex. aka Found Blobs.

\
Cone Blobs
Clusters grouped by Angle Scan, each
one most to have at least 2 views position
for direction reconstruction, aka Good

Blobs.
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Signal Defmition - MC

v+ N —p~ +7°+ X —

Signal Definition:

+ Negative Muon.

+ At least 1 neutral pion

# No restrictions on baryons or other
mesons

Steel Shield
Scintillator Veto Wall
ear \
(Muon Spectrometer)
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Once this kind of events are selected.
This is the start point for the
neutral pion reconstruction
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Events/100(MeV)
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Using TMVA - GA
Toolkit for Multa Variable Analysis - Genetic Algorithm
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Best Two Blobs -EM Showers?

X

Interaction Vertex

, Blob aka shower
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From MC

We can “track” down the shower:

1z

Look for the particle that create the
shower (closest hit to the interaction

vertex).
Record the PDG code of it.
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xen=035% (Gonversion Length

Events/10 mm

%

n
[$))

10°

X

O
B
Oe
Cn

Oothers

00 150 200 250 300 350 400 450 500
Blob1 Distance to Vertex (mm)

10°

X

1

[ s

O
Br
Oe

Cn

O~
—» Oothers

00 150 200 250 300 350 400 450 500
Blob2 Distance to Vertex (mm)

- x10°
Q 8__ EYI*Tz
= - CJv,+Nov,
e 7 [ Noy +7,
D - [ Nov,+Novy,
T 6
d>) .
w 5

41

3

21

1

50 100 150 200 250 300
Invariant Mass (MeV)

OO

The EM showers selection seems to improve the
pion selection, but the photon misidentification
still being a problem.
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Events/0.2 MeV/cm

Events/0.2 MeV/cm
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dEdX helps a lot!, now we know that the EM
showers are misidentified mainly by non-
trackable pions and neutrons.

Blob2 dEdX (MeV/cm) 3




Neutral Pion Candidates
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Some Results

’
Signal Definition:
» Negative Muon.
At least 1 neutral pion

No restrictions on baryons or other

mesons

)
Signal Selection

The events are selected with an
efficiency of ~5% and a purity ~71%.

This selection seems to favor RES
events over DIS according with MC.

All events are selected only on
plastic scintillator

Final State Particles

VIUJ—I—N%,LL_—FT(’O—I—X

7%+ 0On* + X (29.1 %)

%+ 1" + X (23.2 %)

07° + On* + X (4.6 %)
0n® + Nn* + X (9.4 %)
0n® + 1n* + X (15.1 %)

n% 4+ Nn*+ X (18.5 %)

-
Background

Events without pions are rejected very efficiently.

My background is dominated by events with
charged pions
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Some Events Displays

X-View U-View V-View

Hit Maps
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Sometimes the gamma showers travel close to each other. ’
This selection can recognize it!! |
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Some Events Display

X-View U-View V-View
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I Sometimes multiple pi0s are created. |
- This selection can recognize one of them!!
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Some Events Display

X-View U-View V-View

8 &8 8 8

Hit Maps 28 -
L ] TP v 1 I 0 | 1 1 | 1 1 LI 0 | 1 1 | L 1 1 L
120 120
=i .
/" | 100 = ,‘/} - - 100 ;\
o = Mgt 1L J | _»
: - 80 A 80 -
SHE
T ' Hd ’ /,r-""r"‘,,r-"‘
}-5 60 ' 60 1
° : ." rraly
Y ‘c ‘c 1 s
|'. .
20 20
0 LI 1 L I I O | l. 1 0 | 1 | | | LI 0 | 1 | | | LI
| 1 LU L L 1 1 | 0 | 1 1 LA L | 1 LI 0 | | 1 LA L ) L LI
50510 15202530354045505500657073_&03590951000&1015 S0 510 1520253035404550556065707580859095100081001% S50 510 1520253035404550556065707580859095100051001%

Final State

u” + 070 + 37F 4+ p

1 Sometimes fake gammas are seeing as pi0 candidates.
| Hard to recognize them, (30% of the time)

1 — T —————

13



Final Comments

* The selection is very promising, considering that I only used 25% of the MC
POT for ME.

+ MC POT Used: 3.27 x 104°

* In a LE MINERVA analysis with 1304 events with neutral pions was selected
with a purity of 55%.

* In this “dirty” scenario we can recognize 98803 events with at least 1 pi0
with a purity of 71%.

* According with MC, the neutral pion selection is showing:
- a preference of 66% of the signal events come with at least one charged pion.

+ 84.2% of the background is dominated by charged pion production.
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Events/50 MeV

Shower 1 Energy
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Events/15 MeV

Shower 2 Energy
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Events/2 cm
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Events/2 cm
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More Results
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« Slow pi0s seems to prefer be produced with at least 1 charged pion.
# The reconstruction favors the production of pi0s with KE <1 GeV.
+ Most of the pi0s are produced forwards of the interaction vertex.
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N(Events)

Data/MC

Even More Results
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